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SEARCH FOR PARITY-VIOLATING CONTRIBUTIONS

TO SCATTERING OF HADRONS

LASL, California Institute of Technology, University of Illinois

ABSTRACT

The study of parity violation is, at present, the only means of studing

the weak nonleptonic strangeness conserving nucleon-nucleon force at medium

energies. The experiment is a search for parity noncnnservation in P-Nucleus

scattering by observing a change in the total cross section as the helicity

of the incident protons is reversed. A non-vanishing helicity dependent

cross section,

would Imply the presence of a parity-violating interaction. The experiment

utilized the 800-MeV longitudinally polarized external proton beam at

the Clinton P. Anderson Meson Physics Facility of the Los Alamos Scientific

Laboratory.

The result of the most recent run, March 1979, is as follows: no

parity violation is observed:

A= -2.5 + 3.2 X 10-6

The systematic error contributions are not greater than 0.5 x 10-6.
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SEIVRCHFORPARI’IY-VIOMTINGCOWRIW’HON TO SCWI’’ERINGOF l-WDRONS

LASL,CaliforniaInstituteof Technology,Universityof IIlirwis
.

lne experimentis a searchforparitynonconscrvationin p-nucleus

scatteringby observinga changein thetotalcrosssectionas thehelicity

of theincidentprotonsis reversed.A nonvanishinghelicitydependence

wouldimplythepresenceof a parity-violatinginteraction.Recentca!.-

culationsl’2basedon modelsof theweakforcebetweennucleonspredictthe

helicity-dependentcrosssection,

U+-u
A= - ,

+(Ju+ -

forp-p scatteringto be at thelevelof a fewpartsin 10-7. The experi-

mentutilizedthe800-MeVlongitudinallypolarizedexternalprotonbeamat

MMPF.

Experimentswereconductedoveran 18-day

terof 1978andagainfor14 daysduringMarch

period.duringthelastquar-

1979. Theworkperformecl

duringthefinalquarterof 1978concentratedon continuingstudiesof our

ion-chamberdetectorcharacteristicsandon theinitialimplementationof

beam

beam

used

controlservosystems.In addition,therandomnoisespectrumof the

wasmeasuredand isplottedin Fig.1. The resultsweresubsequently

as a basisforchoosingthe30-Hzpolarizationreversalfrequency

selectedfortheMarch1979dntarun. Alsocmnplctcdwereextensivere-

finementsand testingof ourelectronicsanddata-acquisitionsystem.



During March1979a longitudinallypolarizedbeamaveraging1 nA in

intensity was utilized in conjunction witha 25-cm(H? targetto perform&

our first attempt at measuring thep-0!2helicity-dependentcrosssection.
.
Upperlimitson systematicerrorsweredetermined.Preliminaryanalysis

of thedataindicatesthecross-sectionasymnetryis consistentwithzero

at the 10-6 level.

Thep-~12cross-sectionasynunctxywasdeterminedby measuringthe

transmissionof a longitudinallypolarizedprotonbeamwithionchambers

placedon eithersideof thetarget,as illustratedin Fig.2. The asym-

metryis relatedto transmissionT

A=

ti.aethesubscriptsindicate

helicitywas reversedrapidly

1

PinT

and longitudinalpolarizationP

(T+- T-)
x

2T

th~helicityof incidentprotons.The

to minimizesystematicerrorscausedby beam

motim andelectronics-relateddrifts. We decidedto reversethehelicity

at 30 Hz, a frequencywhereinthebeam-intensityfluctuationsareminimal,

as shownin Fig 1. .,

Because A is a verysmallquantity,it is importantto monitorand

controlthevariouspropertiesof theprotonbeam. Smallchangesin the

beamintensity,position,or transversepolarizationwillalterthetrans-

missionmeasurementandcauseerrorsin determiningA. Moreimportant,if

thesechangesoccurinphasewithhelicityreversal,a spuriouscross-

sectionasymnetrywillresult. It is a majorthrustof the

stabilizethebeampropertiessuchthatanyspurioussignal

wellbelowtheaccuracyof themeasuredasymnetxy.

experimentto

be supprcssccl



Beampositionwas stabilizedusingfeedbackfromthe split-plateion

chamber(seeFig.2) to a steeringmagnet. Verticalandhorizontal.resid-

ual polarizationswereminimizedusi]lgfeedbackfromthe split-scintillator

polarimeterto drivecorrectionmagnetsin theargoncellof thepolarized

protonsource.Changesin beamintensitywerealsominimizedwithfeedback

fromtheionchamberupstreamof thetargetto a quenchingelectrodein the

source.Bothpolarizationand intensityfeedbacksweredrivenby lock-in

amplifierstunedto the 30-Hzre~rersalfrequency.

Wequantifythepossiblesystematicerrorsaccordingto a simplemodel.

Variouspropertiesbesidehelicityarecarriedby beam,andcan havea time

variationwitha Fouriercomponentat the spin-reversalfrequency.They

canproducein thedetectora spuriousparityviolationsignal. Properties

whichhavebeenidentifiedare: IntensityModulation(IM3D),Horizontal

Polarization(t-lPOL),VerticalPolarization[WL), andHorizontalandVer-

ticalPositionModulation(HP13S)and (VPOS).Themeasur.xlasynmetxy,~,

is relatedto theactualasymmetry,A,

~ = A + allMOD+ a2HP0S+ a3VP0S+ a4HF0L(Y- Yo] + a5VF0L(X- Xo)

whereY andX arerespectivelytheverticalandhorizontaldisplacements

of thebeamcentroidfromY. andXo. The 30-Hzcomponentof eachof those

beampropertiesW,Mmeasuredandeveryeffortwasmadeto reduceits

magnitude.

The remainin~;valueof eachpropertyis calledthe“residual.”The

detectorsystemsaredesignedandadjustedto havethesequantitiesproduce

a minimaleffect[m thetransmission.Theseeffects,or detectorsensi-

tivities, aredefj.ned,forexample,

of theparity-viol.ationmeasurement

as W/~(IN~D)= al, the sensitivity

t.othe intensitymodulationof thebeam
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andsimilarlyfortheother

tivitiesweredeterminedby

quantitieslistedin TableII. Thesesensi-

ancilkwymeasurementsmanytimesin thecourse

of a data-takingrun. For instance,themagnitudeof IM3Dwas increased.

severalhundredtimes,resultingin a spurioussignalat the10‘S level.

Thephaseof W3Dwas reversedandresultedin a spurioussignalof the

oppositesign. The contributionof a

productof itsmeasured“sensitivity”

A successfulsearchfora parity

particularsystematicerroris the

withthecorresponding‘kesidual.”

signalat the levelof 10-6required

reducingthegeometricsumof allbeam-dependentandelectronics-introduced

errorsto betterthm onepartin 106. To controlelectronicallyintro-

ducederrors,mucheffortwas expendedin thedesignof specialelectronics.

Inmany caseswe wererequiredto dealwithsourcesof errorthatnormally

arenot a problem,butwhichbecomesignificantin a measurementat this

levelof precision.An exampleof thiskindof problemis truncationerror,

an errorintroducedin readingt}~evoltageto frequencyconverters(V/f)

at the120-Hzbeampulserate,andwhichbecamesignificantat the10-6

levelin thefirstversionof ourdata-acquisitiorLsystem.The systemwas

accordinglyredesignedand improvedusingnew techniquesdescriuedbelow.

It becameevidentthatthe500-usintegrationtimecausedinaccuracy

in thedigitizationbecausethemaximumfrequencyof V/f devicesis 106Hz.

The smallnumberof pulsesgeneratedduringeachbeammacropulsewas sub-

jectto a truncationerrorthatappearsat the 10-6level. We devisedtwo

alternatewaysto circumventthisproblem. In onemethodwe reduced

truncationerrorby defininga new beamgatewhichwas determinedby

firstand lastdigitizationpulses.The lengthofthisnewvariable

the

the

gate

wasmonitoredwitha precision,high-frequencyclock. The othermethodto

reducetrunc~tionerrorwas to takean analogdifferencebetweensignals
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fromIC1and IC2. The IC2signal

Thedifference,normalizedby IC1

V/f device.The truncationerror
.

levelwas adjustedto matchthatof IC1.

signal,was thenamplifiedand fedto a

was reducedby thatamplificationfactor.

Prior to the March data mm, tests were performed utilizing cmmnt

sources to siiiate the detector (ion chamber) output. These tests indicate

that electronic and digital errors [including truncation emor) are now

being controlled to a level of a few parts in 10-8. Thiseffect is a con-

tributionto thenoise,not a systematicerror.

Servoloopswereemployedin thecontrolof beammotion,reducingslow

positiondriftsby betterthanar.orderof magnitude.

of beammotionwas alsoeffectivelycontrolled.These

effectiveforotheruserson EPB.

Itwas importantto constmctthe ionchambersso

characteristicswereverysimilarto eachother. Such

The 60-Hzcomponent

systemshaveproven

thattheirresponse

cormnonresponse

minimizedcontributionsfromslightnonlinearitiesin therelationbetween

beamfluxand ionizationcurrent.Withthisinmind,a pairof ionchambers

wereconstmctedto be identicalto a highmechanicaltolerance.High

electricfieldswereusedto minimizespace-chargeeffectsandelectron-ion

recombination.Hydrogengaswasusedto takeadvantageof thehighmobility

of its ions. Tnaddition,the low

mizedspace-chargebuild-up.Care

electrondensityof hydrogengasmini-

wastakentomaintainpurityof thegas.

Theprelimina~results,as tabulatedin Table1, indicate

A= (-2.5t 3.2)X 10-6. ShowninTableII is a summaryof themeasured

“sensitivities”and“residuals”alongwithcalculatedlimitsof theircon-

tributionsto thecross-sectionasymmetry.The geometricsumof these

contributionsis significantlylessthanthemeasuredaccuracyof thecross-

sectionasynunctry.

5



We are now studyingwaysto furtherimproveourbeamcontrolmethods

anddetectorsensitivities,to a levelof 10-7,”wherepresenttheoretical

predictionsindicatea parityviolationcanbe expected.In thefuture

we willdecreasethemagnitudeof the“residuals”andany significantcon-

tributionsto A willbe measuredand subtracted.A liquid-hydrogentarget

is beingdesignedforthisexperiment.Additionalservoloopsareplanned

forcontrollingthe3011zpositionmodulationcomponentsin the

beam.

Otherimprovementsare in theperformanceof theLambShiftIonSource,

particularlyin itsstabilityand intensity.ExtensivetestrunsinApril

byMP-12haveshownthatwe may expect10 nA inJuly,and furtherimprove-

mentslater. Suchan increasewillimprovetheexperimentin twoways.

First,thefluctuationsof thebeamcharacteristics,or “residuals,”can

be controlledbetterbecauseof thegreatersignal-to-noiseratioin the

feedbackloops. The resultwillbe reducedsystematicerrors. Second,

thestatisticalfluctuatimsof proton-nucleusscatteringwilldecrease.

A furtherrun isplannedinJulyto testmethodsof controllingthe

errorsto thenextlevelof sensitivity.
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TABLEI

TargetMaterial

25 an C3-12

None

25 un Q-12

PolarizationStatus

JYEL AobserredSensitivity

Reversing30Hz

Reversing30 Hz

Nonreversing

& (-155f 27)X 10-4

h 41 x lo-4/an

+mT 150x lo-4/cnl

+$m- (6.9 t .7) X 10-4/un

*
(6.9 t .7) X 10-4/an

TABLEII

Measured%nsitivities

Residual

Helicity-Wpendent CrossSection .

(-2.5t 3.2)X 10-6

(-2.4t 3.8)X 10-6

[-6.5f 4.1)X 10-6

(2.3 f .5) X 10-5

(-.6 f 1.0)X 10-4UTI

(-3.2t .9)X 10-4 cm

Contributionsto~bse~ed
fsensitivitvx Residuall

(3.6 f 1.0) x 10’-7

(.36 f .39) X 10-7

(2.1 f 2.0)x 10-7

(-.4 * .67) X 10-7

(-2.2f .66]x 10-7

%(Y - Yo) =.8cm
** x( -XO]=.8CM
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